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CONCLUSION AND FUTURE PERSPECTIVES 
 
 
Honey bees perform a vital role as pollinators in both natural and managed ecosystems.  
The annual value of agricultural production attributable to honey bee pollination for the 
USA is estimated at $14.6 billion (Morse and Calderone, 2000).  Since 2006 records have 
shown dramatic losses of managed honey bee colonies in the USA and more recently this 
problem has been recorded worldwide.  This condition was named ‘colony collapse 
disorder’ (CCD) and was defined as an unexplained loss of 50-90% of worker bees from a 
colony (Cox-Foster et al., 2007).   A broad range of parasites including viruses, bacteria, 
fungi, and mites have been described from honey bees that have potential to reduce honey 
productivity and cause colony failure. Consequently, great emphasis has been placed on 
understanding honey bee parasites, potential control, and overall honey bee health.   
 
In this thesis I used honey bee larvae as a model organism to study host-parasite and 
parasite-parasite interactions under controlled experimental conditions by perfecting a 
protocol for in vitro rearing of honey bee larvae.  My main interest was to investigate a 
specialist parasite Ascosphaera apis that causes chalkbrood disease, but I also investigated 
other Ascosphaera species, as well as a facultative parasite Aspergillus flavus that causes 
stonebrood disease.   
 
Aspergillus flavus is a well-studied fungal parasite due to its abundance, broad host range 
and aflatoxin production that is harmful even for humans (Machida and Gomi, 2010).  
However previous experimental work on Asp. flavus infections in honey bees are scarce 
and attempts to elicit the stonebrood disease on the colony levels have failed (Bailey, 
1963).  Using in vitro honey bee larvae rearing I investigated the effect of spore 
concentration on host mortality and as well as the affect of temperature fluctuations on 
parasite virulence.  Not surprisingly both Asc. apis and Asp. flavus virulence, expressed as 
the number of infected and killed hosts is depended on parasite concentration (dosage) 
(Chapter 1).  In addition, I demonstrated that Asp. flavus non-aflatoxin producing strains 
are equally virulent for the honey bee larvae as the toxin producing strains.  Still lacking is 
knowledge about factors that might play a role in the establishment of Aspergillus 
infections in honey bees. 
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Furthermore, the virulence of chalkbrood and stonebrood was altered by a one-day 
temperature drop in the brood area, resulting in induced infections by chalkbrood and 
reduced infections by stonebrood (Chapter 1).  Previous work by Puerta et al. (1994) has 
suggested that chalkbrood outbreaks are dependent on a stress factor such as chilling of 
the brood for a short period of time.  My study shows that cooling of larvae increased 
virulence of chalkbrood only with the highest spore concentration, but the lower 
temperature is not a limiting factor for chalkbrood occurrence since larvae died even at 
the constant optimal brood temperature. The mechanisms by which cooler temperature 
enhance chalkbrood virulence are complex, and cannot be explained as being the most 
favorable temperature for the mycelium growth.  This study suggest a possible trade-off 
for resistance to fungal parasites where honey bees are better in overcoming infections by 
chalkbrood at the normal brood temperature, but lack defenses against stonebrood 
disease.  Chalkbrood in comparison with stonebrood is a relatively slow-acting disease 
and I speculate that delayed infections reinforce spore dispersal within hives and overall 
disease pressure. However the trade-off between spore production, dispersal and the 
speed of the chalkbrood and stonebrood infection remains to be elucidated.  
 
Studies involved with mixed infections of chalkbrood and stonebrood are underway, but 
preliminary data show that at constant temperature stonebrood is the dominating 
parasite when in combination with chalkbrood.  Since these two parasites are affected 
differently when larvae are cooled, it would be interesting to test the effect of cooling on 
parasite virulence in the mixed infection scenario.  Further, (in Chapter 2) I have 
demonstrated that parasites that have previously been considered to be avirulent in 
honey bees (Asc. atra and Asc. proliperda) may in fact interact with virulent parasites in a 
mixed infection.  This study showed that different organisms can have a broad impact on 
the population and evolutionary dynamics affecting the outcome of host-parasite 
interactions.  Understanding these interactions and the driving force behind parasite 
virulence is important not only from an evolutionary perspective, but also in applied 
contexts, for example in the case of chalkbrood disease management for virulence and 
transmission. 
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Finally, (in Chapter 3) I found that genetically different strains of chalkbrood caused 
different levels of larval mortality, suggesting that one level of parasite-induced virulence 
is not optimal for all host genotypes.  Significant variation in host susceptibility to 
chalkbrood across honey bee colonies was also observed in this study.  Together these 
results showed that chalkbrood and honey bee genotypes interact to determine virulence, 
as expected under parasite-host co-evolution.  Understanding the mechanisms that 
generate diversity within the host and parasite are important for disease management.  
Three of the colonies tested in this study came from the same geographical area, but they 
varied significantly in susceptibility to genetically different chalkbrood strains.  This could 
be of interest for the future breeding perspectives to avoid disease, because local bee 
populations may commonly have resistant colonies. 
 
In short, the results of my thesis indicate that interactions between chalkbrood and honey 
bees, and chalkbrood and other fungal parasites provide an attractive model system to 
study host-parasite co-evolution in social insects. From an applied perspective, 
understanding the timing and factors that trigger and mediate host-parasite interactions 
can offer important insight for the control and prevention of honey bee fungal infections.   
 
 
In addition to the future work described above, I suggest the following applied research 
should be carried out: 
 
 Elucidating potential reasons behind the resistance of some larvae to chalkbrood disease 
by investigation of spore germination and inhibition in the gut. 
 
 Identifying olfactory cues that can elicit hygienic behavior in larvae parasitized with other 
fungal diseases such as stonebrood. 
 
 
 A better understanding of disease development, including the interactions of different 
microbes, their genetic diversity and resistance mechanisms will enable beekeepers to 
breed healthier bees. 
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 Breeding programs to select bees that perform hygienic behavior (a social defense) may 
not be successful in response to all parasites because of underlying trade-offs.  So, testing 
the bees for multiple resistances is likely important. 
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